Introduction
============

With the introduction of long-acting injectable (LAI) formulations, antipsychotics may be administrated monthly or once every 3 months, promising more stable blood levels and remarkable results for the treatment of psychosis.[@b11-ndt-15-349] Observational studies reflecting real-life conditions emphasize the superiority of the LAI medication in preventing psychotic recurrences.[@b12-ndt-15-349] Nevertheless, for long-term treatments, it is important to thoroughly assess the side effects of medication. Antipsychotics may have an unfavorable impact on patients' mortality through their influence on metabolic and cardiovascular parameters.[@b24-ndt-15-349],[@b25-ndt-15-349]

It is known that patients with psychosis have a lower life expectancy than the general population,[@b15-ndt-15-349] most deaths being attributed to cardiovascular complications.[@b6-ndt-15-349] Increased mortality and morbidity of cardiovascular disease in psychotic patients may be due to the underlying disease complications that cause anxiety and depression, but also to the accumulation of risk factors such as sedentary life, increased frequency of smoking and obesity, and a poor addressability to the cardiologist.[@b10-ndt-15-349],[@b16-ndt-15-349]

Prospective[@b4-ndt-15-349] and retrospective[@b6-ndt-15-349] studies have identified metabolic dysfunction in patients with psychosis, both before and after the introduction of antipsychotic medication.[@b27-ndt-15-349] It seems that both the disease itself as well as the psychotropic medication would be involved in the cardiovascular pathology of these patients.[@b23-ndt-15-349]

In our study, we attempted to quantify the two potential causes of cardiovascular damage, by assessing patients' cardiovascular parameters such as blood pressure, electrocardiography, and echocardiography, and correlating them with the time elapsed from the onset of the psychosis to the beginning of the injectable antipsychotic therapy (pre-LAI) and the duration of the LAI therapy.

In order to develop a profile of cardiovascular risk for these patients, it is necessary to prioritize changes that may result in severe cardiovascular pathology.[@b20-ndt-15-349] One must consider risk factors such as hyperlipidemia, smoking, confirmed high blood pressure, and an early diagnosis of myocardial damage.[@b22-ndt-15-349]

Left ventricular echocardiography, the classical approach to early myocardial damage detection, cannot routinely detect early contractility changes in these cases.[@b21-ndt-15-349] Such changes occur only in the more advanced stages of myocardial contractility impairment.[@b28-ndt-15-349]

M-mode echocardiography may detect contractility changes but does not provide sufficient information regarding the number of affected segments, which can only be assessed by longitudinal and radial contractility determinations. While it is considered that ultrasound M-mode evaluation overestimates the systolic performance of the left ventricle (LV), strain rate imaging provides very accurate measurements of myocardial deformation.[@b2-ndt-15-349],[@b21-ndt-15-349] A large number of studies have demonstrated the utility of strain rates imaging in early detection of myocardial damage prior to LV ejection fraction (LVEF) depression.[@b13-ndt-15-349] Numerous parameters exploring myocardial deformation, such as global longitudinal strain (GLS), global radial strain (GRS), and LV twist or torsion strain,[@b26-ndt-15-349] are commonly used as non-invasive methods for the subclinical determination of myocardial damage.

GLS is a measurement used to evaluate left ventricular function in the longitudinal axis, allowing a closer study of subendocardial fibers, while GRS measurements are more closely linked to subepicardial fibers.[@b29-ndt-15-349] An extensive evaluation of left ventricular contractility should consider both longitudinal and global strains.

Patients and methods
====================

Study population
----------------

Sixty-four outpatients currently in remission (Brief Psychiatric Rating Scale -- Expanded version 4.0 \[BPRS-E\] total score for the entire sample was 38.76±11.57)[@b7-ndt-15-349] from two centers (Timisoara and Cluj-Napoca) and receiving treatment with LAI antipsychotics were analyzed in this cross-sectional study.

All the patients signed a written informed consent form to participate in the study. The inclusion criteria were: 1) diagnosis of schizophrenia or schizoaffective disorders according to ICD-10; 2) all patients received LAIs olanzapine or risperidone (from the group of patients under medication, 2 patients were treated with olanzapine with 1 injection of 210 mg/month for 21±12.72 months, 6 patients were treated with olanzapine with 1 injection of 300 mg/month for 17.83±14.23 months, 6 patients were treated with olanzapine with 1 injection of 405 mg/month for 13.9±11.87 months, 18 patients were treated with olanzapine with 2 injections of 300 mg/month for 8.94±6.67 months, 14 patients were treated with risperidone with 2 injections of 37.5 mg/month for 19.85±16.58 months, and 18 patients were treated with risperidone with 2 injections of 50 mg/month for 30.0±21.5 months); 3) age over 18 years; and 4) LVEF \>45%. The exclusion criteria were: 1) previous diagnosis of ischemic heart disease or heart failure of any cause; 2) pregnancy or breastfeeding; and 3) previous use of any cardiovascular therapies. The study assessed the following parameters: cardiovascular risk factors (age, gender, smoking habits, and presence of the metabolic syndrome), transthoracic echocardiographic parameters, medication, and BPRS-E scores. The expanded version of BPRS was used to measure the severity of the psychiatric symptoms in patients with psychotic disorders. Fasting glycemia was measured using the PalmLab SC-101 glucometer. The lipid profile was determined using the LipidPro ILM-0001A lipid meter.

The study was carried out according to the Helsinki Declaration guidelines. The protocol of the study and the informed consent of the patients were approved by the Scientific Research Ethics Committee of "Victor Babes" University of Medicine and Pharmacy, Timisoara, Romania (Reference number 19/2015).

Cardiological evaluation
------------------------

Cardiological evaluation was performed at the Cardiology Clinic of City Hospital, Timisoara. The echocardiography was performed by the same ultrasonographer using a VIVID S5 (GE Healthcare Bio-Sciences Corp., Piscataway, NY, USA) with a medium frequency transducer (3--8 MHz). M-mode, two-dimensional (2D), and Doppler echocardiography examinations were performed in accordance with the present guidelines.[@b13-ndt-15-349] All images were digitally stored and analyzed offline with Echo Pac PC Dimension software (v 6.0). Doppler examination of the mitral valves was performed by measuring peak early (E) and late (A) filling velocities from the LV inflow pattern of the tips of mitral valves. The ejection fraction was calculated using Simpson's method. Three consecutive beats were used for measurement of each parameter.

Cardiac rotation was assessed using 2D strain imaging. GLS was determined using three apical planes: two-chamber, three-chamber, and four-chamber views. Segments that failed to track were excluded. GRS was calculated using peak systolic radial strain values in all six segments of the perfectly rounded parasternal short-axis view of the mitral valve of the papillary muscle and apical level.

Patients were treated with injectable antipsychotic medication in an outpatient setting to avoid non-compliance. The antipsychotic medication was administered randomly.

In order to discriminate between the pharmacological-and disorder-induced effects, we assessed the following time intervals: the duration of the psychosis, defined as the number of months between the onset of the disease and present assessment of the patient; the duration of LAI treatment; and finally, the time from patient's onset of the psychiatric condition to the onset of LAI treatment (pre-LAI period).[@b7-ndt-15-349]

Statistical analysis
--------------------

Statistical analysis was performed using IBM SPSS Statistic (version 20). Comparison between different series of values was performed by Mann--Whitney *U*-test due to the non-Gaussian distribution of the measured parameters, as evidenced by the Shapiro--Wilk test. A chi-squared test was used for categorical variables. Correlation intensity was expressed by the Spearman correlation coefficient.

Results
=======

Demographic and clinical data of the patients
---------------------------------------------

Of the 64 patients enrolled in the study, 57.8% were men, and the mean age of the group at study onset was 41.25±11.14 years. The mean age of the disorder onset was 29.54±10.45 years (28.45±10.66 in men and 31.03±10.15 in women). The diagnosis of schizophrenia was established for 51 patients (28 men, 23 women) and schizoaffective disorder for 13 patients (9 men, 4 women).

Of the recruited groups, 40.6% were smokers, with a mean use of 8.98 cigarettes/day.

Assessing the cardiovascular risk factors of the studied group according to the duration of the disease or the injectable treatment
-----------------------------------------------------------------------------------------------------------------------------------

An analysis was performed to verify whether disease duration before treatment initiation (pre-LAI) and the duration of the treatment (LAI) had any influence upon metabolic syndrome parameters (SBP, DPB, hyperglycemia, hypercholesterolemia, hypertriglyceridemia, obesity, and smoking). The approach used in this analysis is somewhat similar to that of retrospective studies: for each cardiovascular risk factor, the sampled population was divided into two groups: one for which the risk factor was present (marked with "+" in the table) and the other for which the risk factor was absent ("−"), using the usual cut-point values for this split. Then we compared their corresponding pre-LAI (or LAI or total) durations using the Mann--Whitney test (for distributions different from normal). Thus, a significant difference might be interpreted as a significant presence of that factor in a particular patient group; in our study, the group included those patients with a longer pre-LAI (or LAI or total) duration. The results of the analysis are presented in [Table 1](#t1-ndt-15-349){ref-type="table"}.

Analysis of patients' blood pressure data and blood sample parameters, such as glycemia, total cholesterol, and triglyceridemia, found no statistically significant differences among the patients. The only parameter from this category which was significantly increased in the patients with a longer duration of the LAI treatment was the body mass index.

Echocardiographic parameters in the studied population
------------------------------------------------------

The same statistical approach was also used to highlight the possible impact of long-term treatment on echocardiographic parameters. For each of the measured parameters, the whole sample was divided into two groups, using the usual cut-point values; then, we compared their corresponding pre-LAI, LAI, and total durations using the Mann--Whitney *U*-test. The results are presented in [Table 2](#t2-ndt-15-349){ref-type="table"}, where n = number of patients in each group. The table presents the median durations for each group and the test results: *U* and *P*-value (asymptotic two-tailed sigma), respectively.

Our analysis of the sampled population found no differences regarding left atrium dimensions before or after medication, with most patients presenting abnormal left atrium volume index.

Reduced values of the E and A waves were found more often (*P*\<0.05) among patients with long pre-LAI treatment durations. Similarly, elevated values for the E/A ratio and isovolumic relaxation time (IVRT) were statistically more frequent among long pre-LAI treatment patients. However, when considering LAI durations, the same parameters did not produce significant differences.

It is known that mitral E velocity is affected by alterations in the rate of LV relaxation, and mitral A wave velocity is affected by LV compliance and left atrial contractile function.

The duration of IVRT, a marker of poor myocardial relaxation, was found to be significantly prolonged among patients whose treatment initiation had been delayed.

While LVEF values did not statistically differ between the two groups, it was found that GLS values were significantly lower among patients with longer pre-LAI durations. Furthermore, GLS values were not influenced by the duration of LAI treatments.

LV longitudinal systolic function, detected by LV GLS via speckle tracking, can be used as an indicator of myocardial dysfunction. Lower values of GLS indicate impaired LV global longitudinal function.

The final type of analysis presented here refers to a comparison between the two treatments -- olanzapine vs risperidone. The Mann--Whitney *U*-test shows that patients treated with olanzapine presented significantly higher values of the following parameters, with respect to patients treated risperidone ([Table 3](#t3-ndt-15-349){ref-type="table"}): E wave (*U*=344, *Z*=−2.251, *P*=0.024)LV GLS (*U*=351, *Z* =−2,157, *P*=0.031)LV GRS (*U*=310.5, *Z*=−2.701, *P*=0.007).

Discussion
==========

According to our results, a delay in initiating the LAI treatment of patients with schizophrenia spectrum disorders is a statistically relevant risk factor for cardiovascular impairment, the relaxation dysfunction of the LV, and also an impaired GLS. The early stages of affected myocardial relaxation, detected echocardiographically through changes in E and A velocities, E/A ratio, prolonged IVRT, and decreased GLS, are correlated with the duration of the pre-LAI period.

It is known that patients with schizophrenia have a worse cardiovascular risk profile than the general population.[@b1-ndt-15-349],[@b3-ndt-15-349]--[@b5-ndt-15-349] According to our results, although the data showed hypertension, hyperglycemia, and hypercholesterolemia, there were no significant changes among these parameters between the duration of pre-LAI treatment periods and LAI treatment periods; therefore, LV impairment may not be entirely attributable to coronary atherosclerotic disease in these patients.

At the end of LAI treatment, patients' LV relaxation showed improvement, so we may infer that proper pharmaceutical treatment can be shown to lower the risk of diminished myocardial contractility.

In our study, the 2D strain method proved to be a more useful tool for the early detection of subclinical myocardial impairment. GLS was more markedly reduced in the patients who suffered from the disease for a longer period of time before initiating LAI treatment. It is known that GLS is useful in detecting myocardial damage before any changes in LVEF.[@b28-ndt-15-349]

According to our results, treatment with both olanzapine and risperidone improved myocardial contractility, as assessed by GLS and GRS. Among the groups divided according to the LAI medication received, the group on olanzapine had better results on echocardiographic parameters which show the LV contractility.[@b17-ndt-15-349]

An enlarged left atrium is strongly suggestive of elevated LV filling pressure, when excluding comorbidities which can cause the enlargement of the left atrium, but a normal left atrium volume is often seen in the earliest stages of diastolic dysfunction.

The mechanisms probably involved in the depressed myocardial contractility during pre-LAI are coronary spasm and sympathetic-mediated cardiac arrhythmias.[@b30-ndt-15-349] Serotonin (5-HT) activity is linked to depression, anxiety, and myocardial impairment secondary to coronary disease.[@b8-ndt-15-349]

Several cases of LAI-related myocarditis or cardiomyopathy are also described in medical literature,[@b9-ndt-15-349],[@b14-ndt-15-349] but most cases refer to patients treated with clozapine.[@b18-ndt-15-349] Eosinophilic myocarditis was the favored etiology and was considered to be a direct toxicity or allergic reaction.[@b19-ndt-15-349]

The strengths of the present study consist of the patients' constant adherence to medication and dosage, as well as the extensive cardiovascular assessment, including both routine echocardiography and speckle tracking echocardiography, in order to assess the early cardiac changes.

Limitations
-----------

The limitations of the study are the relatively low number of assessed patients, especially when the groups are divided according to different treatments and the duration of the disease before treatment, which is far longer than the duration on the treatment; this may be a minor shortcoming with respect to the statistical results.

Conclusion
==========

Two-dimensional strain analysis allows detection of early, subtle myocardial alterations, and is able to unmask the small, subclinical changes of myocardial deformation with greater accuracy than that of classical echocardiography.

The results from our study indicate that patients suffering from schizophrenia who go untreated or are poorly treated for longer periods of time may develop myocardial impairment. The changes are likely related to the high prevalence of metabolic syndrome, but are also generated by the disease per se.

This may help target patients with other comorbidities known to cause irreversible cardiovascular damage, enabling them to be closely monitored to ensure they would benefit from early initiation of cardiovascular medical therapy.
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###### 

Median duration of disease and duration of LAI treatment (months) depending on components of metabolic syndrome -- cardiovascular risk factors

  Cardiovascular risk factors and conditions with cut-point values   Groups and tests   Computed parameters   n           Pre-LAI   LAI     Total duration
  ------------------------------------------------------------------ ------------------ --------------------- ----------- --------- ------- ----------------
  Systolic hypertension (\>140 mmHg)                                 Groups             \+                    7           120       12      156
  −                                                                  57                 69                    12          84                
  Mann--Whitney test                                                 *U*                                      136         134       136.5   
  *P*-value (two-tailed)                                                                0.172                 0.166       0.175             
  Diastolic hypertension (\>90 mmHg)                                 Groups             \+                    2           228       42      270
  −                                                                  62                 74.5                  12          84                
  Mann--Whitney test                                                 *U*                                      25          30.5      21      
  *P*-value (two-tailed)                                                                0.153                 0.222       0.113             
  Hyperglycemia (\>106 mg/dL)                                        Groups             \+                    41          81        12      84
  −                                                                  23                 77                    11          96                
  Mann--Whitney test                                                 *U*                                      460         421       458     
  *P*-value (two-tailed)                                                                0.872                 0.483       0.850             
  Hypercholesterolemia (\>200 mg/dL)                                 Groups             \+                    46          74.5      8       120
  −                                                                  18                 90                    12          84                
  Mann--Whitney test                                                 *U*                                      408.5       354.5     410     
  *P*-value (two-tailed)                                                                0.935                 0.373       0.958             
  Hypertriglyceridemia (\>150 mg/dL)                                 Groups             \+                    32          84        12.5    84
  −                                                                  32                 70.5                  11.5        96                
  Mann--Whitney test                                                 *U*                                      447         420.5     476.5   
  *P*-value (two-tailed)                                                                0.383                 0.218       0.633             
  Obesity (BMI \>30 kg/m^2^)                                         Groups             \+                    22          114       24      156
  −                                                                  42                 69                    10          72                
  Mann--Whitney test                                                 *U*                                      403         239.5     372.5   
  *P*-value (two-tailed)                                                                0.404                 **0.002**   0.205             

**Notes:** The "+" groups include the patients for whom the condition is true, the rest are included in the "−" group. The Mann--Whitney test was applied between the "+" and the "−" groups. *P*-values for significant differences are presented in bold.

**Abbreviations:** BMI, body mass index; LAI, long-acting injectable.

###### 

Median duration of disease and duration of treatment with LAI (months) according to echocardiography parameters

  Echocardiographic parameters and conditions with cut-point values   Groups and tests   Computed parameters   n       Pre-LAI     LAI     Total duration
  ------------------------------------------------------------------- ------------------ --------------------- ------- ----------- ------- ----------------
  LAVI (mL/m^2^)                                                      Groups             \+                    8       87.5        16      92
  −                                                                   56                 71.3                  11      87                  
  Mann--Whitney test                                                  *U*                                      306     258.5       352     
  *P*-value (two-tailed)                                                                 0.262                 0.095   0.412               
  IVS \>11 mm                                                         Groups             \+                    9       108         10      132
  −                                                                   55                 77                    12      84                  
  Mann--Whitney test                                                  *U*                                      192     220         198     
  *P*-value (two-tailed)                                                                 0.284                 0.594   0.338               
  PWLV \>11 mm                                                        Groups             \+                    8       132         12      144
  −                                                                   56                 74.5                  12      84                  
  Mann--Whitney test                                                  *U*                                      182.5   209         182.5   
  *P*-value (two-tailed)                                                                 0.399                 0.760   0.399               
  EDDLV \>56 mm                                                       Groups             \+                    3       120         24      156
  −                                                                   61                 77                    12      84                  
  Mann--Whitney test                                                  *U*                                      73.5    87          77      
  *P*-value (two-tailed)                                                                 0.587                 0.886   0.645               
  E wave \<80 m/s                                                     Groups             \+                    49      96          12      108
  −                                                                   15                 24                    12      48                  
  Mann--Whitney test                                                  *U*                                      194     357         197     
  *P*-value (two-tailed)                                                                 **0.006**             0.867   **0.007**           
  A wave \<60 m/s                                                     Groups             \+                    35      45          10      60
  −                                                                   29                 108                   14      156                 
  Mann--Whitney test                                                  *U*                                      335.5   384         335.5   
  *P*-value (two-tailed)                                                                 **0.020**             0.096   **0.020**           
  E/A \>0.8                                                           Groups             \+                    48      92          15      107
  −                                                                   16                 26                    17      53                  
  Mann--Whitney test                                                  *U*                                      189     442         180     
  *P*-value (two-tailed)                                                                 **0.012**             0.052   **0.023**           
  IVRT \>100 ms                                                       Groups             \+                    46      82          19      81
  −                                                                   18                 44                    23      67                  
  Mann--Whitney test                                                  *U*                                      155     224         132     
  *P*-value (two-tailed)                                                                 **0.044**             0.058   0.053               
  LVEF \<50%                                                          Groups             \+                    8       207         24      258
  −                                                                   56                 70.5                  12      84                  
  Mann--Whitney test                                                  *U*                                      156     159         154.5   
  *P*-value (two-tailed)                                                                 0.157                 0.185   0.158               
  GLS \<21.5%                                                         Groups             \+                    44      109.5       12      120
  −                                                                   20                 28.5                  11.5    60                  
  Mann--Whitney test                                                  *U*                                      241     431         260.5   
  *P*-value (two-tailed)                                                                 **0.004**             0.896   **0.009**           
  GRS \<45%                                                           Groups             \+                    48      82.5        12      90
  −                                                                   16                 74.5                  10      90                  
  Mann--Whitney test                                                  *U*                                      346.5   288         342     
  *P*-value (two-tailed)                                                                 0.561                 0.135   0.514               

**Notes:** The "+" groups include the patients for whom the condition is true, the rest are included in the "−" group. The Mann--Whitney test was applied between the "+" and the "−" groups. *P*-values for significant differences are presented in bold.

**Abbreviations:** EDDLV, end diastolic diameter of the left ventricle; GLS, global longitudinal strain; GRS, global radial strain; IVS, interventricular septum; IVRT, isovolumetric relaxation time; LAI, long-acting injectable; LAVI, left atrium volume index; LVEF, left ventricle ejection fraction; PWLV, posterior wall of the left ventricle.

###### 

Comparison of echocardiographic parameters between olanzapine and risperidone (Mann--Whitney *U* test results)

  Statistical parameters   LAVI     RV        IVS       PWLV      EDDLV     LVEF     E wave      A wave   GLS         GRS
  ------------------------ -------- --------- --------- --------- --------- -------- ----------- -------- ----------- -----------
                                                                                                                      
  Mann--Whitney U          434.0    509.5     503.5     495.0     493.0     435.5    344.0       421.0    351.0       310.5
  Wilcoxon W               930.0    1,070.5   1,064.5   1,056.0   1,054.0   931.5    840.0       982.0    847.0       806.5
  Z                        −1.045   −0.027    −0.111    −0.226    −0.250    −1.024   −2.251      −1.217   −2.157      −2.701
  Asymp Sig (two-tailed)   0.296    0.978     0.912     0.821     0.803     0.306    **0.024**   0.223    **0.031**   **0.007**

**Note:** *P*-values for significant differences are presented in bold.

**Abbreviations:** EDDLV, end diastolic diameter of the left ventricle; GLS, global longitudinal strain; GRS, global radial strain; IVS, interventricular septum; LAVI, left atrium volume index; LVEF, left ventricle ejection fraction; PWLV, posterior wall of the left ventricle; RV, right ventricle.
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